P-cadherin is a calcium-dependent cell-cell adhesion glycoprotein. P-cadherin expression is restricted to the myoepithelial cells in normal breast tissue, and aberrant staining has also been described in invasive tumors. Several small studies have reported P-cadherin as a marker of poor outcome in breast cancer patients but its prognostic significance in relation to other variables has not been established in a large series of breast cancers. A tissue microarray was constructed from 3992 cases of invasive breast carcinoma, and P-cadherin expression was evaluated using immunohistochemistry. Median follow-up was 12.5 years. The immunohistochemistry-based definitions of cancer subtypes were luminal
Cadherins are a family of transmembrane glycoproteins involved in calcium-dependent cell-cell adhesion in many tissues. 1, 2 Although these proteins are similar in their domain structure, calcium and protease sensitivity, and molecular weight, they have distinct tissue expression patterns and immunological reactivity. P-cadherin is localized in placenta, whereas E-cadherin and N-cadherin are found in epithelial and neural tissues, respectively. [3] [4] [5] P-cadherin has been shown to be crucial for orderly progression of terminal differentiation of the epidermis, 6 and P-cadherin-mediated adhesion seems to determine mammary gland growth control and maintenance of an undifferentiated state in embryogenesis. 7 E-cadherin and P-cadherin have important roles in the architecture, function, and differentiation of the normal adult non-lactating mammary gland. E-cadherin is expressed by both luminal and myoepithelial cells, whereas P-cadherin is restricted to myoepithelial/basal cells in normal breast tissue. 5, 8, 9 During late pregnancy and lactation, P-cadherin is secreted by epithelial cells, and its soluble fragment is frequently found in human milk.
10,11 P-cadherin can also be detected in nipple aspirate fluid, 12 and serum from breast cancer patients. 13 Aberrant expression measured by P-cadherin cDNA has been reported in about 30% of known mammary cancer cell lines. 5 Aberrant P-cadherin protein has also been found in a minority of ductal carcinoma in situ, 14 and 4-71% of invasive breast carcinomas. [15] [16] [17] [18] Increased P-cadherin expression has been reported to be associated with reduced expression of E-cadherin and high histological grade, 15 estrogen and progesterone receptor negative (ERÀ/PRÀ) tumors, 9, 15, 17, [19] [20] [21] [22] increased expression of epidermal growth factor receptor (EGFR), oncoprotein p53, HER2, and proliferation marker Ki-67. 15, 19, 20 Several small studies have reported that P-cadherin is a marker of poor patient survival over short-term follow-up. 9, 15, 17, 19, 20, 22 Recently, microarray profiling of breast tumors has identified five distinct tumor subtypes (luminal A, luminal B, normal breast like, HER2 overexpressing, and basal like) that are associated with different clinical outcomes. 23 Basal-like carcinoma is characterized by cytokeratin 5 (CK5) and cytokeratin 17 (CK17) expression, and the basal epithelial cell-enriched gene cluster that also includes P-cadherin. 23 Immunohistochemistry can be used to identify basal-like carcinoma by staining for P-cadherin, in conjunction with p63 and CK5. [24] [25] [26] This subset of breast tumors usually lacks the expression of all three standard biomarkers (ERÀ/ PRÀ/HER2À, ie triple-negative phenotype) and despite increased sensitivity to standard cytotoxic chemotherapy regimens, has a particularly unfavorable prognosis. 27 Efforts to identify targets for basal tumors, which may be used therapeutically or to further classify these tumors may have clinical utility.
In this study, we describe the immunohistochemical expression and prognostic value of P-cadherin protein in a large tissue microarray series constructed from 3992 primary breast carcinomas linked to treatment and outcome information. This large sample size allows us to provide stronger evidence for the role of P-cadherin compared with previous publications involving much smaller patient cohorts.
Materials and methods
This study cohort included 3992 female patients with primary invasive breast carcinoma diagnosed in 1986-1992 and referred to the British Columbia Cancer Agency for treatment. The clinicopathological characteristics and the treatment strategies of the patients included in this study have previously been reported. 28 The median follow-up was 12.5 years and the median age at diagnosis was 60 years. Abstracted clinical information included age, menstrual status, histological type and grade of tumor, clinical and pathological TNM stage, status of final surgical margin at diagnosis, tumor size, number of involved axillary lymph nodes, type of local and initial adjuvant systemic therapy, dates of diagnosis, and first locoregional or distant recurrence and death. HER2 fluorescent in situ hybridization data and immunohistochemistry scores were also available for the following biomarkers: ER, PR, Ki-67, Bcl-2, HER2, EGFR, CK5/6, keratin 5 (KRT5), p53, YB-1, and E-cadherin, as previously published. [29] [30] [31] [32] [33] [34] [35] Ethical approval for the study was obtained from the Clinical Research Ethics Board of the University of British Columbia and the British Columbia Cancer Agency.
Previously frozen breast cancer tissue samples were fixed in 10% neutral buffered formalin and embedded in paraffin. Representative areas of invasive carcinoma were selected and marked on the hematoxylin and eosin stained slides, and their corresponding tissue blocks to be sampled for tissue microarray. Seventeen single core (0.6 mm size) tissue microarray blocks were then assembled using a manual arrayer (Beecher Instruments, Silver Springs, MD, USA) as previously described. 36 From each tissue microarray block, 4 mm thick sections were cut and immunostained on a Ventana Discovery XT staining system (Ventana Medical Systems, AZ, USA). Sections were deparaffinized in xylene, dehydrated through three alcohol changes, and transferred to Ventana Wash solution. Endogenous peroxidase activity was blocked in 3% hydrogen peroxide. Antigen retrieval was performed in mild cell conditioner 1 and slides were incubated with anti-P-cadherin mouse monoclonal antibody (1:20 dilution, clone 56, BD Transduction, ON, Canada) for 32 min. Finally, sections were incubated with the pre-diluted Ventana Universal Secondary Antibody and DAB Map detection system, counterstained with hematoxylin, dehydrated, cleared, and mounted. Optimization of immunohistochemical protocol involved three different antigen-retrieval conditions and a serial dilution of the antibody to establish the optimal staining concentration. Although freezing of the tissue samples prior to formalin fixation could have potentially affected the immunoreactivity for P-cadherin, appropriate negative and positive controls were performed to ensure the quality and adequacy of staining. The negative control was performed by omission of the primary antibody, and myoepithelial/basal cells were used as an internal positive control. P-cadherin expression was scored visually based on the determination of staining intensity
and percentage of cells with membranous and/or cytoplasmic staining (0-100%), as previously reported. [37] [38] [39] Scores were entered into a standardized Excel worksheet with a sector map matching each tissue microarray section. Biomarker information was considered uninterpretable if there were no tumor cells in the cores or the cores were missing. Original scoring grids were converted to tables using Deconvoluter 1.10 40 and combined in a single text file with TMA-Combiner 1.00. 41 The resulting text files were imported into SPSS 15.0 and R2.4.0 for Windows. 42 The hematoxylin and eosin and P-cadherin immunohistochemistry images and scores of all cores used in this study are publicly available at the companion site (http://www.gpecimage.ubc.ca; username: pcad; password: abc123). This site was constructed using the Genetic Pathology Evaluation Centre database and image viewers provided by Olympus America. All slides were scanned with the BLISS scanner (Olympus America, Center Valley, PA, USA; Bacus Laboratories, Lombard, IL, USA).
The expanded surrogate immunopanel of ER, PR, HER2, Ki-67, EGFR, and CK5/6 was used to define five major biologically distinct immunohistochemical subtypes of breast cancer: (1) Luminal A-ER þ or PR þ and HER2À and Ki-67À; (2) Luminal B-ER þ or PR þ and HER2À and Ki-67 þ . Ki-67 positivity was defined based on a 14% cut point; (3) Luminal/ HER2 þ -HER2 þ and ER þ or PR þ ; (4) HER2 þ -HER2 þ and ERÀ and PRÀ; and (5) Basal-this subtype was defined differently by two classification schemes: the triple-negative phenotype and the five-biomarker method as published previously. 28 Using the triple-negative phenotype method, basal-like carcinoma is triple-negative (ERÀ/PRÀ/ HER2À). Using the five-biomarker method, triple- negative phenotype can be divided into two groups:
(1) Core Basal-triple-negative subset, which also expresses EGFR or CK5/6 and (2) five-marker negative phenotype-ERÀ/PRÀ/HER2À/EGFRÀ/ CK5/6À. Tumors missing any of ER, PR, or HER2 data were categorized as unassigned.
Statistical analysis was performed using SPSS 17.0 and R-2.10.0. Clinical covariate and biomarker associations were assessed using contingency tables, and significance of associations was determined using Pearson's w 2 or Fisher's exact test. Survival and relapse interval associations were graphically assessed using Kaplan-Meier plots. Significance of time-to-event associations was assessed using logrank and Breslow tests and Cox proportional hazards regression analysis. Survival and relapse interval end point groups include overall survival, disease-specific survival, distant relapse-free interval, and locoregional relapse-free interval. Cox proportional hazards models were used to calculate adjusted hazard ratios to account for covariates of known clinical relevance.
Complete survival data for this tissue microarray series was obtained as of 30 June 2004. One of the complexities of working with such a large series with long-term follow-up data, noted in previous Cox modeling exercises using this series, was the changing structure in the hazard functions for breast cancer subtypes and subsets of other variables, between 5 and 10 years after diagnosis. This is readily seen in the hazard function plots in Figure 1 . Hazards are proportional over the first 5-8 years, then exhibit a shift and tend to converge by [15] [16] [17] [18] [19] [20] years. This long-term shift in hazard structure yields a decrease in power in testing for associations with a Cox model, as its basic proportional hazards requirement is violated. To mitigate this violation of the proportional hazards assumption, we formed an additional survival record, with data followed completely through 30 June 1999 . Censoring data at an earlier time point to restrict analysis to a period in which hazards exhibit proportional structure represents a simple and effective strategy for handling this issue of changing hazard structure across long periods of time. 43 Survival analysis results thus reveal short-term and long-term associations that can differ, and both should be considered when assessing associations. Shorter-term (0-10 years) associations will be better assessed with the Breslow statistic in Kaplan-Meier analysis and with statistics from Cox models fitted to the data censored in 1999. Longer-term associations are better assessed via the logrank statistic in Kaplan-Meier analysis, and with Cox models fitted to the data censored in 2004. This strategy was proposed and implemented prior to any data analysis. We used a split-sample validation technique for statistical analysis, as described previously. 44, 45 In brief, a large data collection (n ¼ 3992) was randomly split into a 'training' set (n ¼ 2003) and a 'validation' set (n ¼ 1989). Although it is common practice in studies of prognostic markers to conduct exploratory analyses with the training set, and take only a selected subset of analyses onward to the validation set, such strategies tend to result in the overreporting of positive findings and an underreporting of negative findings. To avoid the resultant reporting bias associated with this analysis strategy, 46 we prespecified a set of hypotheses, all of which were evaluated in the training and validation sets. Concordant findings in the training and validation sets, whether negative or positive, are reported here.
Results

Association of P-cadherin Expression with Survival
Out of 3710 interpretable cases on the tissue microarrays, P-cadherin was positive (50% cut point) in 1290 patients (34.8%), including 657/ 1879 (35%) cases in the training set and 633/1831 (34.6%) cases in the validation set (Table 1 ). Clinicopathological characteristics of breast cancer patients are summarized in Table 2 , and distribution of P-cadherin expression according to these clinical covariates is shown in Supplementary Table 1 . Representative photomicrographs of P-cadherin immunostaining are shown in Figure 2 .
Binarization
The percentage of P-cadherin-positive cells and P-cadherin-staining intensity appeared linearly related to survival in the training and validation sets, so binarizing using a single cut point was reasonable (Figures 3 and 4) . Maximum prognostic value as assessed by model fit Akaike information criteria was achieved in the training set by binarizing the percentage of P-cadherin-positive cells at a cut point of r30%, with 430% P-cadherin expressing cells defining P-cadherin positivity (Supplementary Table 2 ). In the validation set, this cut point did not validate. The lowest Akaike information criteria was achieved at 70%; however, the difference in Akaike information criteria values across a range of cut points was small: Akaike information criteria values from 30 to 90% ranged from 12 402.52 to 12 404.49. Thus, although no single cut point value was strongly suggested by these data, for validation and publication purposes, the cut point value of 50% (r50% vs 450%) was chosen to facilitate comparisons between the training and validation analysis results and publications in the literature, 9, [37] [38] [39] 47 many of which use a 50% cut point value. Staining intensity did not appear to improve this rule in either set (Figure 5c and d ). Cox models with various combinations of the percentage of P-cadherin-positive cells and P-cadherin-staining intensity, recapitulating 'h-scores' or 'q-scores' commonly used in other P-cadherin studies, 15, 38, 39, 47, 48 showed no improvement over the percentage of P-cadherin-positive cells binarization rule as measured by Akaike information criteria or likelihood ratio w 2 tests (Supplementary Table 3 ).
Survival analysis
Univariable survival analysis showed that P-cadherin-positive patients had significantly poorer shortterm (0-10 years) overall survival (logrank for 1999 and Breslow for 2004 and 1999 censorings, all Po0.05), whereas long-term overall survival (15 þ years) was not significantly different (logrank for 2004 censoring) ( Figure 5 ). P-cadherin expression was strongly associated with breast cancer subtypes (Po0.0005), two poor prognostic subtypes in particular, namely HER2 þ and Core Basal, showed markedly higher overall rates of P-cadherin expression (Table 3) . This association yielded an occurrence of 'Simpson's Paradox', wherein P-cadherinpositive cases showed significantly poorer overall survival in the whole cohort, yet showed less evidence of poorer overall survival within breast cancer subtypes, although some of this effect may also be due to smaller sample sizes within subtype groups.
Within breast cancer subtypes, P-cadherin-positive cases showed similar overall survival to P-cadherin-negative cases (P40.05; Figure 6 ). P-cadherin did not show independent prognostic value in a multivariable Cox model containing: (1) breast cancer subtypes and P-cadherin scores (adjusting for breast cancer subtypes); (2) age, grade, tumor size, node status, and P-cadherin scores (adjusting for clinical covariates); and (3) breast cancer subtypes, clinical covariates, and P-cadherin scores (adjusting for clinical covariates and breast cancer subtypes) (Supplementary Tables 4-7) . Parameter estimates and corresponding relative risk estimates from the multivariable Cox models for overall survival and disease-specific survival are shown in Table 4 and Supplementary Table 8 . Univariable and multivariable models included all histological subtypes of breast cancer. No change in results was noted upon excluding the special type carcinomas.
Binarization of the percentage of P-cadherin-positive cells showed similar survival curve patterns for the other time-to-event end points. Disease-specific survival (Figure 7) , distant relapse-free interval, and locoregional relapse-free interval, all validated for the short term as measured using the 1999 censor date data (logrank and Breslow statistics), and the 2004 censor date data (Breslow statistic) ( Table 5) . Univariable association of the percentage of P-cadherin-positive cells with time-to-event over the long term (15 þ years) validated only for disease-specific survival (logrank statistic for 2004 censoring). Similarly, P-cadherin-positive cases as defined by univariable binarized P-cadherin-staining intensity data showed poorer short-term event rates for all time-to-event end points (Breslow Percentages include scorable P-cadherin cases only.
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statistic for 1999 censoring, Table 5 ), though univariable association of P-cadherin-staining intensity with time-to-event over the long term did not validate for any time-to-event end point (logrank statistic for 2004 censoring).
Association of P-cadherin Expression with Clinicopathological and Immunohistochemical Variables
Herein, we describe only the findings observed in the training set that were validated in the validation set (ie showed a concordant statistical test of association outcome, statistically significant in both sets, or statistically not significant). P-cadherin expression differed according to the histological type of breast cancer. Invasive ductal carcinoma cases showed P-cadherin-positive rates equal to the overall P-cadherin-positive rate (35.5% (1195/3364) in the whole series), invasive lobular carcinoma showed lower P-cadherin-positive rates (16.2% (45/ 278) in the whole series) and other special type tumors showed higher P-cadherin-positive rates (73.5% (50/68) in the whole series). P-cadherin was positive in 44 out of 66 medullary carcinomas, 1 of 1 acinar cell carcinoma, 1 of 1 oat cell carcinoma, 1 of 1 adenoid cystic carcinoma, 1 of 2 adenosquamous carcinoma, and 2 of 2 adenocarcinomas with squamous metaplasia. Both the percentage of P-cadherin-positive cells and P-cadherin-staining intensity were positively associated with histological grade, and negatively associated with age at diagnosis ( Table 6 ). The percentage of P-cadherin-positive cells and P-cadherin-staining intensity showed association with breast cancer subtypes (Po0.0005), with HER2 þ and basal subtypes of breast cancer showing elevated P-cadherin-positive rates and luminal subtypes showing reduced rates. In Core Basal carcinomas, P-cadherin was expressed (50% cut point) in 81.4% (131/161) in the training set and in 82.5% (132/160) in the validation set. In HER2 þ carcinomas, P-cadherin was expressed in 69.2% (81/117) in the training set and 58.6% (75/128) in the validation set. The percentage of P-cadherinpositive cells and P-cadherin-staining intensity showed no association with tumor size, clinical and pathological T stage, and pathological N stage of the TNM system as well as the status of final surgical margin at diagnosis ( Table 6 ). As the P-cadherin-positive cases were associated with a higher risk cancer, it was not surprising to find an association with receiving initial or subsequent chemotherapy (Po0.0005). However, no clinically useful conclusions can be drawn about the interaction with systemic therapy as the indications for treatment and the protocols used are not consistent with contemporary therapies.
The expression of other immunohistochemical biomarkers in relation to P-cadherin expression is summarized in Table 7 . The percentage of P-cadherin-positive cells and P-cadherin-staining intensity were negatively associated with ER, PR, and Bcl-2 expression (Po0.0005), and positively associated with HER2 overexpression based on both immunohistochemistry and fluorescent in situ hybridization data (Po0.002), as well as with CK5/6, KRT5, EGFR, Ki-67, p53, and YB-1 (Po0.0005). P-cadherin expression showed no association with E-cadherin (data binarized at {0} vs {1,2}) ( Table 8) .
Discussion P-cadherin is a calcium-dependent transmembrane glycoprotein in adherens-type junctions, mainly promoting homotypic interactions in epithelium. 1, 2 P-cadherin expression is restricted to normal myoepithelial/basal cells, having an important role in the architecture, function, and differentiation of the normal adult breast.
5,7 P-cadherin has been detected in breast cancer cell lines, high-grade or basal-like ductal carcinoma in situ, 14, 25 papillary lesions, 49 and 4-71% invasive breast carcinomas. [15] [16] [17] [18] In this study, we report the immunohistochemical expression of P-cadherin protein in 34.8% of cases (1290/3710 at a cut point of 50%) in a large tissue microarray series consisting of 3992 primary breast carcinomas. For statistical analysis, our data were split into 'training' Model fitted to 3523 cases from the whole series (3992 cases total) having complete data for the variables included.
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and 'validation' sets, as described previously. 44, 45, 50 Although maximum prognostic value was achieved in the training set by binarizing the percentage of P-cadherin-positive cells at a cut point of 30%, the validation data did not strongly support this cut point, indicating that analysis results were not heavily dependent on choice of cut point for any cut point greater than 0. Assessment of several binarization schemes using both the percentage of P-cadherin-positive cells and P-cadherin-staining intensity showed no prognostic improvement. This suggests that P-cadherin positivity is best defined using the percentage of positive cells without further consideration of the staining intensity, as suggested previously. 14, 19 As o10%, 10-50%, and 450% cut points have been described in the literature, [37] [38] [39] 47, 51 the commonly used cut point of 50% has been used in this study to yield results more readily comparable to other studies.
Univariable survival analysis in our study showed that P-cadherin expression was associated with all time-to-event end points. P-cadherin-positive patients had significantly poorer short-term (0-10 years) overall survival, disease-specific survival, distant relapse-free interval, and locoregional relapse-free interval (Po0.0005). Univariable association of the percentage of P-cadherin-positive cells with long-term survival (15 þ years) validated only for disease-specific survival (logrank statistic for 2004 censoring). Our study also showed that P-cadherin does not have independent prognostic value in multivariable Cox models when adjusting for clinical covariates, or breast cancer subtypes and clinical covariates. In contrast to our findings, P-cadherin has been reported as an independent prognostic factor, as it was associated with poorer survival in a Cox model including histological grade and lymph node status. 17 Peralta Soler and coworkers selected cases based on a minimum of a 5-year patient follow-up after surgery for living patients and breast carcinoma as the cause of death for those who died, thus introducing length-bias sampling (cases with at least 5 years follow-up will tend to be healthier) 52 and unknown bias in survival rate estimates. 53 They report association of P-cadherin-positive cases with ERÀ/PRÀ status, suggesting that in their study, P-cadherin status is an indicator of breast cancer subtype, though they report no interaction effect of P-cadherin with ER/PR status in a survival model. P-cadherin has also been reported to be an independent predictor of nodal positivity in a multivariable logistic model containing stage, grade, tumor type, menstrual status, and proliferation rate. 18 Our study strongly suggests that P-cadherin is not an independent prognostic marker, and is a surrogate marker for the basal-like profile.
Survival analysis in our study showed no difference between P-cadherin-positive and P-cadherinnegative cases within luminal A, luminal B, luminal/HER2 þ , HER2 þ , and basal subtypes of breast cancer (P40.05). However, P-cadherin expression was strongly associated with HER2 þ and basal carcinomas (Po0.0005), two of the five distinct molecular subtypes of breast cancer identified by gene expression profiling. 23 The HER2 þ tumor subtype lacks the expression of hormonal receptors and has poor prognosis but can benefit from targeted therapy. Basal-like tumors have the triple-negative phenotype (ERÀ/PRÀ/HER2À), express basal cytokeratins, and do not benefit from hormonal therapy or trastuzumab. Although this histologically heterogeneous group of cancers includes poorly differentiated carcinomas and rare tumor types ranging from those with an excellent prognosis to aggressive metaplastic carcinomas, 54 it is widely accepted that these tumors are associated with particularly poor survival. 27 Immunohistochemistry surrogate panels have been proposed to identify basal-like breast cancer, including triplenegative phenotype alone, 55 triple-negative phenotype but EGFR þ or CK5/6 þ , 56, 57 and a panel of P-cadherin, p63 and CK5 antibodies. [24] [25] [26] It has been argued that identification of basal-like breast cancers on the basis of gene expression profiling data has been misleading in some respects due to a lack of standardized technology and terminology. 54 In our study, higher P-cadherin expression was observed in invasive ductal carcinoma and special type tumors other than lobular carcinoma, including 66.7% of medullary carcinomas (Po0.0005). Frequent expression of P-cadherin in metaplastic and medullary breast carcinomas 20,58-63 supports a myoepithelial/basal-like transcriptomic program for these tumor subtypes. Some basal-like carcinomas are associated with BRCA1 mutations, 64, 65 and BRCA1 mutation has been found to be associated with P-cadherin expression.
39,51,65-70 P-cadherin expression was also positively associated with histological grade in agreement with previous findings. 15 P-cadherin expression has been reported to be associated with the lack of hormonal receptors, 9, 15, 17, [19] [20] [21] [22] expression of EGFR, 71, 72 HER2 and Ki-67. 15, 19, 20 In our study, P-cadherin expression was negatively associated with ER, PR, and Bcl-2 expression (Po0.0005), and positively associated with HER2 overexpression based on both immunohistochemistry and fluorescent in situ hybridization data (Po0.002), as well as with CK5/6, KRT5, EGFR, Ki-67, p53, and YB-1 (Po0.0005).
Many hypotheses have been proposed to explain the aberrant expression of P-cadherin in breast cancer cells including the oncofetal properties of P-cadherin protein, 15 its histogenetic origin in cap cells, acquisition of a stem cell like phenotype, 17, 20 and misexpression caused by epithelial transformation. 5 In vitro manipulation of P-cadherin expression modulates the motility and invasive potential of breast cancer cell lines. In luminal MCF-7 breast cancer cells with wild-type E-cadherin, P-cadherin overexpression promoted cell invasion, motility and migration, and siRNA knockdown of P-cadherin significantly reduced the invasive potential of BT-20 cells. 73 By contrast, induction of P-cadherin in mesenchymal MDA-MB-231 cells increased aggregation and induced a partial switch from fibroblastic to epithelial morphology. 74 Loss of E-cadherinmediated cell adhesion is thought to account for the characteristic dyscohesion of tumor cells and the single file infiltration pattern of invasive lobular carcinoma. 75 Most lobular carcinomas show no immunohistochemical reactivity for E-cadherin as a consequence of mutation and loss of heterozygosity of the E-cadherin gene, or methylation of the E-cadherin promoter 76, 77 and E-cadherin immunostaining has been of value in the differential diagnosis of ductal and lobular carcinomas. 78 E-cadherin downregulation is a key molecular change occurring in epithelial mesenchymal transition, a process by which epithelial cells modulate their phenotype and acquire mesenchymal-like properties.
79,80 P-cadherin expression has been reported to associate with reduced expression of E-cadherin in breast cancer patients 15 but no association was found in another study. 21 The majority of breast carcinomas coexpressing E-cadherin and P-cadherin had poor patient survival along with cytoplasmic expression of p120-catenin, 81 a master regulator of cadherin activity. In our study, p120-catenin was not assessed, and P-cadherin expression did not show association with E-cadherin expression (whole series, Fisher's exact test P ¼ 0.87). P-cadherin and E-cadherin also failed to show association when the whole series was stratified by histological subtype (ductal carcinoma vs lobular carcinoma vs other special type tumors) (whole series, MantelHaenszel w 2 P ¼ 0.077). Scientific evidence suggests the concept of cancer immunosurveillance and immunoediting based on protection against development of spontaneous and chemically induced tumors in animal systems and identification of targets for immune recognition of human cancers. 82 Anti-tumor immune response, including the recognition of tumor-specific or tumor-associated antigens can be used to develop new vaccines and monoclonal antibody therapies. 83 It has been shown that apoptotic cell death is poorly immunogenic, whereas necrotic cell death is truly immunogenic. 84 Cell death during chemotherapy can potentially determine the immune response. Anthracyclines produce a beneficial immunogenic environment as these agents activate antigenpresenting dendritic cells, thus allowing a cytotoxic T lymphocyte response. 85 P-cadherin has been suggested as a possible target for immunotherapy of pancreatic, gastric, and colorectal cancers based on the identification of HLA-A2-restricted cytotoxic T lymphocyte epitopes of P-cadherin in HLA-A2.1 transgenic mice, and the in vitro and in vivo cytotoxicity against tumor cells of cytotoxic T lymphocyte specific to CDH3 induced from HLA-A2-positive healthy donors and cancer patients. 86 In conclusion, this study shows the value of P-cadherin expression as a marker of poor prognosis in a large breast cancer series. P-cadherin positivity is associated with high-grade tumor subtypes (HER2 þ and basal carcinomas), and well-established markers of poor prognosis (ER, PR, Bcl-2), and may represent a promising antibody therapeutic target, either by exploiting its association with poor prognosis tumor, or by modulating its role in cell adhesion and migration. 
